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Abstract
Background: SNP309 T/G (rs2279744) causes higher levels of MDM2, the most important negative
regulator of the p53 tumor suppressor. SNP72 G/C (rs1042522) gives rise to a p53 protein with a greatly
reduced capacity to induce apoptosis. Both polymorphisms have been implicated in cancer. The SNP309
G-allele has recently been reported to accelerate diffuse large B-cell lymphoma (DLBCL) formation in pre-
menopausal women and suggested to constitute a genetic basis for estrogen affecting human
tumorigenesis. Here we asked whether SNP309 and SNP72 are associated with DLBCL in women and are
correlated with age of onset, diagnosis, or patient's survival.
Methods: SNP309 and SNP72 were PCR-genotyped in a case-control study that included 512 controls
and 311 patients diagnosed with aggressive NHL. Of these, 205 were diagnosed with DLBCL.
Results: The age of onset was similar in men and women. The control and patients group showed similar
SNP309 and SNP72 genotype frequencies. Importantly and in contrast to the previous findings, similar
genotype frequencies were observed in female patients diagnosed by 51 years of age and those diagnosed
later. Specifically, 3/20 female DLBCL patients diagnosed by 51 years of age were homozygous for SNP309
G and 2/20 DLBCL females in that age group were homozygous for SNP72 C. Neither SNP309 nor SNP72
had a significant influence on event-free and overall survival in multivariate analyses.
Conclusion:  In contrast to the previous study on Ashkenazi Jewish Caucasians, DLBCL in pre-
menopausal women of central European Caucasian ethnicity was not associated with SNP309 G. Neither
SNP309 nor SNP72 seem to be correlated with age of onset, diagnosis, or survival of patients.
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Background
The p53 tumor suppressor can drive stressed cells into
senescence or apoptosis. One of the key negative regula-
tors that keeps p53 in check in unstressed cells and limits
p53's response under stress is the E3 ubiquitin ligase
MDM2 [1]. A disequilibrium in the levels of MDM2 and
p53 is associated with distinct phenotypes. For example,
reduction of MDM2 expression in mice reduces adenoma
formation [2] whereas MDM2 deficiency causing over-
shooting p53 activity was reported to be lethal [3,4]. On
the other hand, overproduction of MDM2 is accompanied
by a reduction of p53 activity and is a hallmark of some
tumor types in humans [5-7]. Thus, inherited differences
in the efficacy of the MDM2-mediated limitation of p53-
response in stressed cells could be important determi-
nants of efficient tumor suppression [8].
Intracellular MDM2 expression is controlled at the levels
of protein stability, gene transcription, and transcript
translation [1]. Upon stress or hormonal signalling, vari-
ous transcription factors, among them p53 and the estro-
gen receptor ER-α [9] bind to response elements of the
MDM2  gene promoter in the first intron. As a result,
MDM2 levels rise and p53 activity is limited. Work by
Bond and colleagues [10-12] has recently indicated that a
single nucleotide polymorphism at intron 1 position 309
(rs2279744) generates a novel binding site for the ubiqui-
tous transcriptional activator SP1 and causes higher
MDM2 levels and consequently, attenuated p53 response
in stressed or estrogen-exposed cells.
The p53 allele with a "C" instead of "G" at position 12139
(SNP72 C; rs1042522), coding for proline instead of
arginine at amino acid position 72, occurs at a frequency
of approximately 23% among Caucasians and is consid-
ered to be associated with at least some types of cancers
[13]. Observations by Hong and colleagues suggest that
homozygosity for both SNP309 G and SNP72 C can be
additive [14]. The present study analyzes both polymor-
phisms in 311 patients with B-NHL and 512 healthy cen-
tral Europeans of Caucasian ethnicity.
Methods
Study population
The cohort consisted of 311 patients from whom genomic
DNA-samples were available that had biopsy-confirmed,
aggressive NHL according to the Revised European-Amer-
ican Lymphoma Classification (translated into the World
Health Organisation classification) and were treated in
the NHL-B1 and B2 study [15,16] of the German High
Grade Non-Hodgkin's lymphoma study group (DSH-
NHL). A subgroup of these patients was diagnosed with
diffuse-large B-cell lymphoma (DLBCL; n = 205). Patients
were excluded from the study if the diagnosis of aggressive
or very aggressive lymphoma was not confirmed or if the
diagnosis was changed into indolent lymphoma or no
lymphoma at all by a panel of five expert hematopatholo-
gists in a blinded central pathology review. Other criteria
for exclusion are summarized elsewhere [15,16]. Table 1
outlines the clinico-pathological characteristics and table
2 the histopathological diagnoses of the patients. Blood
donors (n = 512) from the Institute for Transfusion Med-
icine, University of Saarland Medical School, served as
controls. DNA from patients diagnosed with B-NHL was
collected at the University of Göttingen during the study
period.
DNA extraction and genotyping
Genomic DNA was isolated from whole blood with the
QIAamp Blood Kit (Qiagen, Hilden). DNA was diluted in
water to a final concentration of 15 ng/µl to use 5 µl (45
ng) per reaction. The mutation tests were performed in the
LightCycler 1.2 (p53) or LightCycler 480 (MDM2) instru-
ment, using the FastStart DNA Master Hybridization
Probes kit with 3 mM MgCl2 (Roche Diagnostics, Man-
nheim) in a total volume of 20 µl, and analyzing the melt-
ing curve of the hybridization probes releasing from the
PCR product. The analysis for the p53 codon 72 mutation
was performed as described [17]. For the detection of the
Mdm2 polymorphism rs2279744, we used 0.5 µM of the
the primers mdmFmt  5'ggCTgCggggCTgCT-3'(position
2565–2579 in Genbank AF527840), changing base
2575C to T (underlined), and primer mdmR 5'-CCAATC-
CCgCCCAgACTAC-3'(2611–2637), plus 0,25 µM of the
detection probes, consisting of the 3'-terminal fluores-
cein-labeled Sensor(T) CTgCTTCggCgCg_gATgATCgCAg–
FL (position 2575(---)2607), specific for the T allele
(underlined) also containing the base 2575T and a gap for
the target sequence positions 2588–2596, and the 5'-
LightCycler Red 640 labeled and 3'-phosphorylated
anchor probe 640-CCTgTCgggTCACTAgTgTgAACgCTg–
PH (2611–2637)(TIB MOLBIOL, Berlin). After an initial
denaturation at 95°C for 12 min 30 s, amplification was
performed using 45 cycles of denaturation (95°C, 5 sec,
ramp rate 4.4°C), annealing (60°C, 10 sec, ramp rate
2.2), and extension (72°C, 20 sec, ramp rate 4.4°C). Flu-
orescence was measured at the end of the annealing
period of each cycle. After the amplification a melting
curve was generated: the PCR mixture was heated to 95°C
for 20 sec, ramp rate 4.4°C/s, cooled to 40°C, 20 sec,
ramp rate 1.5°C/sec and then slowly heated to 85°C with
one acquisition per °C. The fluorescence signal was mon-
itored continuously during the temperature ramp and
then plotted against the temperature. These curves were
transformed to derived melting curves (-d(F2)/dT vs. T).
Design of MDM2 detection probes
The MDM2 target sequence is extremely rich in strong GC
bases (70%). This is known to cause difficulties in PCR
amplification. In particular, we found stem loop CCGC–BMC Cancer 2008, 8:116 http://www.biomedcentral.com/1471-2407/8/116
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Table 1: Clinico-pathological characteristics of the patients
analyzed
Patients characteristics all trial patients B 1/2 (n = 1399) NHL patients (n = 311) DLBCL patients (n = 205)
Age Median; yr (range) 75) 60 (18–75) 62 (23–75) 61 (23–75)
Sex
male 789 (56%) 175 (56%) 115 (56%)
female 610 (44%) 136 (44%) 90 (44%)
International Prognostic Index (IPI)
Low (0,1) 840 (60%) 176 (57%) 118 (58%)
Low intermediate (2) 250 (18%) 62 (20%) 42 (20%)
High intermediate (3) 170 (12%) 46 (15%) 31 (15%)
High (4,5) 139 (10%) 27 (9%) 14 (7%)
Risk Age
Age ≤ 60 yrs 710 (51%) 143 (46%) 98 (48%)
Age > 60 yrs 689 (49%) 168 (54%) 107(52%)
Risk extranodal involvement
≤ 1 ex. involvement 1123 (80%) 254 (82%) 174(85%)
> 1 ex. involvement 276 (20%) 57 (18%) 31(15%)
Risk ECOG
ECOG 0,1 1236 (88%) 273 (88%) 178(87%)
ECOG 2–4 163 (12%) 38 (12%) 27(13%)
Risk Stage
Stage I, II 832 (59%) 191 (61%) 134(65%)
Stage III-IV 567 (41%) 120 (39%) 71(35%)
Risk LDH
LDH ≤ ONW 1083 (77%) 241 (77%) 160(78%)
LDH > ONW 316 (23%) 70 (23%) 45(22%)
Bulky tumor (7.5 cm or larger) 467 (33%) 90 (29%) 62(30%)
Table 2: Histopathological characteristics
number (%) Histopathological diagnosis (REAL-classification)
284 91.32 B-cell lymphomas
205 65.92 Diffuse large B-cell lymphoma
13 4,18 DLBCL, NOS
8 2.57 anaplastic large-cell (ALC)
46 14.79 centroblastic diffuse, NOS
16 5.14 centroblastic diffuse, NOS -> monomorphic
9 2.89 centroblastic diffuse, NOS -> multi-lobulated
89 28.62 centroblastic diffuse, NOS -> polymorphic
17 5.47 immunoblastic
4 1.29 primary mediastinal B-cell lymphoma
3 0.96 T-cell rich B-cell-lymphoma
79 25.40 Non-DLBCL B-cell lymphomas
15 4.82 centroblastic-follicular
6 1.93 centroblastic follicular and diffuse
4 1.29 mantle-cell blastic variant
3 0.96 Burkitt-lymphoma
12 3.86 high-grade Burkitt-like
5 1.61 blastic marginal-zone
16 5.14 not otherwise specified
18 5.79 unclassified (technical reasons)
27 8.68 T-cell lymphomas
20 6.43 anaplastic large-cell
4 1.29 peripheral NOS -> small and large-cell
1 0.32 T-cell-lymphoma (AILD)
2 0.64 not otherwise specifiedBMC Cancer 2008, 8:116 http://www.biomedcentral.com/1471-2407/8/116
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GCGG, spanning the polymorphism, to have a Tm of
82°C (OLIGO 6.0, MBI). This stem loop was excluded
from the PCR fragment by introduction of one base sub-
stitution C2575T which had to be changed also in the sen-
sor probe. The segment around the mutated base contains
only G and C bases (85%), making a probe based analysis
difficult. A very short probe will fail to bind the mis-
matched allele whereas a longer probe will reach
extremely high binding temperatures, causing poor differ-
entiation of the variants in the melting curve analysis. To
overcome these difficulties we followed the procedures of
[18], introducing a 9 nucleotides gap ggaggtccg in the sen-
sor probe, resulting in a 24 mer sequence with a GC con-
tent of 67%.
Statistical analysis
Out of the NHL B1/2 trial patients, 311 DNA samples
were available for analysis. The allelic frequencies were
compared with Fisher's exact test. Mann-Whitney U test
was used to test for differences among the onset of NHL
by age. Event-free survival (EFS) was defined as the time
from the beginning of therapy to either disease progres-
sion; initiation of salvage therapy; or additional (off-pro-
tocol) treatment, relapse, or death. Overall survival (OS)
was defined as the time from first day of treatment to
death from any cause. In EFS and OS analyses, a Cox mul-
tivariate analysis was done to adjust for known adverse
risk factors, defined by the International Prognostic Index
IPI, and additionally, for bulky disease (tumors > 7.5 cm
anywhere). EFS and OS were estimated with the Kaplan-
Meier method and were compared with the log-rank test.
Differences between groups were regarded as significant
for p values less than 0.05 (two-sided). Statistical analyses
were performed with R 2.5.1. [19].
Results
MDM2 gene SNP309 T/G
Among the 311 patients diagnosed with NHL, no differ-
ence in the onset by age between genders was detectable
(p = 0.33). Specifically, male patients were diagnosed, on
average, at the age of 58 years (range: 23–75 years) and
female patients at the age of 59 years (range: 24–75
years)(Fig. 1). Similarly, in the subgroup of 205 patients
diagnosed with DLBCL, no difference in the onset by age
was detectable (p = 0.18). Men were diagnosed at the age
of 57 years (range: 23–75 years) and women at the age of
59 years (range: 24–75 years)(figure 1).
Among 512 healthy central Europeans, 14% were
homozygous for SNP309 G, and in the cohort of 311 cen-
tral European patients diagnosed with NHL, 19% were
homozygous; the genotype frequencies did not deviate
from those expected under the Hardy-Weinberg equilib-
rium. Stratification according to SNP309 T/G genotypes
NHL and DLBCL cumulative distribution of age of onset for men (triangles) and women (diamonds) Figure 1
NHL and DLBCL cumulative distribution of age of onset for men (triangles) and women (diamonds). Age of 
onset was compared between male and female patients using the Mann-Whitney U test.
Cumulative distribution of age of onsetBMC Cancer 2008, 8:116 http://www.biomedcentral.com/1471-2407/8/116
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failed to reveal differences in the onset of NHL by age in
men (p = 0.25) and women (p = 0.29), and also in the
onset of DLBCL by age in men (p = 0.19) and women (p
= 0.82) (figure 2). Similar genotype frequencies were
observed in the controls and the male NHL and DLBCL
patient groups (figure 3). Previous work by Bond and col-
leagues had indicated that estrogen signalling can co-
operate with the G-allele of SNP309 in lymphomagenesis
in women, documented by stratification of the cohort in
pre-menopausal women up to 51 years and older women
[11]. In our study, no significant difference was detected
between female NHL or DLBCL patients diagnosed by 51
years of age and those diagnosed later (figure 3A). Specif-
ically, among all NHL patients, four of 31 women diag-
nosed by 51 years, and 26 of 105 women diagnosed later,
exhibited the G/G genotype (p = 0.35). For women diag-
nosed with DLBCL, these numbers were 3/20 and 19/70,
respectively (p = 0.59).
Next, we examined whether SNP309 T/G can influence
prognosis. For this purpose, Kaplan-Meier plots for EFS
and OS, stratified according to genotypes, were calculated
(figure 4A). Cox proportional hazard analysis to adjust for
IPI-factors (age >60; ex. involvement >1; ECOG 2–4; Stage
III-IV; LDH > ONV) and bulky disease showed no differ-
ence between the genotype groups G/G and T/T. (An inde-
pendent influence of SNP309 T/G on EFS/OS could not
be detected in this multivariate analysis). The results of
the Cox regression analyses are summarized in Table 3.
p53 gene SNP72 G/C
The allelic frequencies of the p53 gene SNP72 G/C poly-
morphism have been reported to vary widely between the
ethnicities [20]. For European/North American Cauca-
sians the frequency of the minor (C) allele coding for pro-
line at position 72 was between 22 and 30% in the various
studies, comparable with the frequency observed in our
controls (26%) [21], and references therein). Among the
patients diagnosed with NHL or DLBCL, the C allele was
found with a frequency of 25%, respectively. Again, all
genotype frequencies were as expected under the Hardy-
Weinberg equilibrium.
Since it was conceivable that our female patients ≤ 51
years of age at the time of diagnosis, instead of having a
reduced p53 response due to the SNP309 G/G genotype as
was observed in the Ashkenazi Jewish cohort [11], have an
apoptosis-impaired p53 associated with the SNP72 C/C
genotype [22], we analyzed the SNP72 genotype frequen-
cies by the same methods. No significant difference was
detected between female NHL or DLBCL patients diag-
nosed by 51 years of age and those diagnosed later (figure
3B). Specifically, in the NHL group, two of 31 women
diagnosed by 51 years and three of 105 women diagnosed
later, exhibited the C/C genotype. For women diagnosed
with DLBCL, these numbers were 2/20 and 2/70, respec-
tively.
Finally, we examined whether SNP72 G/C has an influ-
ence on prognosis. Kaplan-Meier plots were calculated for
EFS and OS, stratified according to genotypes (figure 4B).
Cox proportional hazard analysis to adjust for IPI-factors
(age >60; ex. involvement >1; ECOG 2–4; Stage III-IV;
LDH > ONV) and bulky disease showed no difference
between the genotype groups C/C and G/G. (Again, an
independent influence of SNP72 G/C on EFS/OS could
not be detected in this multivariate analysis). The results
of the Cox regression analyses are summarized in Table 3.
Discussion
The levels of the p53 tumor suppressor are primarily con-
trolled by the E3 ubiquitin ligase MDM2 [1]. MDM2 pro-
moter polymorphism SNP309 G gives rise to higher levels
of MDM2 in response to stress or estrogen, and conse-
quently, inhibits p53 more efficiently than SNP309 T
[8,10]. Several studies have implicated estrogen signalling
manipulation in cancer incidence and progression
(reviewed in [23]), and in gender-specific differences in
DLBCL incidence (for example, [24]). In accord with these
findings, Bond and colleagues have recently reported that
women homozygous for SNP309 G were diagnosed with
DLBCL on average 13 years earlier than women
homozygous for the T allele (G/G women: 55 years; T/T
women, 68 years), whereas men did not show such a cor-
relation. They also documented that the G/G genotype is
significantly more frequent among women diagnosed
before menopause (10/21 G/G-individuals were diag-
nosed by age 51 vs. 0/21 T/T-individuals; 11/58 G/G
women were diagnosed by age >51 vs. 13/58 T/T women),
and suggested that estrogen may co-operate with the G
allele to accelerate lymphoma formation [11]. These find-
ings could not be confirmed by our study; we observed
only 3/20 G/G women diagnosed by age 51. In this con-
text it should be noted that Bond et al. observed 24% G/
G homozygotes among 976 healthy Caucasians of
Ashkenazi Jewish descent, whereas we observed 14% in
our healthy cohort of 512 central European Caucasians.
Thus and in accord with these authors, Ashkenazi Jewish
Caucasians have a significantly higher SNP309 G/G geno-
type frequency than Non-Ashkenazi Caucasians from cen-
tral Europe (p < 0.001; Fisher's exact test).
MDM2 SNP309 T/G has originally been reported to be
associated with an increased risk for tumor formation in
patients with an inherited mutated p53 allele (Li-Frau-
meni syndrome) and in patients with sporadic soft tissue
sarcoma [10]. It should be kept in mind though that
MDM2 is a pleiotropic E3 ubiquitin ligase with many cel-
lular targets besides p53, one of the latest on the list being
topoisomerase II [25]. SNP309 might therefore affect sev-BMC Cancer 2008, 8:116 http://www.biomedcentral.com/1471-2407/8/116
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NHL and DLBCL cumulative distribution of age of onset for males and females with the SNP309 G/G or T/T genotype Figure 2
NHL and DLBCL cumulative distribution of age of onset for males and females with the SNP309 G/G or T/T 
genotype. Age of onset was compared between male and female patients using the Mann-Whitney U test.
Cumulative distribution of age of onset NHL
Cumulative distribution of age of onset DLBCL
Women
WomenBMC Cancer 2008, 8:116 http://www.biomedcentral.com/1471-2407/8/116
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eral cancer-relevant pathways. Homozygosity for SNP309
G has been linked to a significantly earlier onset of several
hereditary and sporadic cancers, including breast carcino-
mas and osteosarcomas, but also to DLBCL, adult soft tis-
sue sarcoma, invasive ductal breast cancer, and colorectal
cancer specifically in women. The polymorphism has fur-
thermore been associated with uterine leiomyosarcoma,
squamous cell carcinoma of the head and neck, the out-
come of breast cancer, non-small cell lung cancer, hepato-
cellular carcinoma in patients with chronic hepatitis C,
gastric carcinoma, esophageal squamous cell carcinoma,
nasopharyngeal carcinoma, ovarial carcinoma, sporadic
endometrial cancer, invasive bladder cancer, and renal
cell carcinoma (for a recent review, see [8]). However,
other studies fail to show an association. For instance, age
of onset of colorectal cancer in Lynch syndrome, lung can-
cer risk in a Chinese population, lung cancer risk, inci-
dence of breast cancer in mutant BRCA1 carriers,
incidence of breast and ovarian cancer, breast cancer risk
in a Chinese population, breast cancer risk, age at diagno-
sis of HNPCC patients, basal cell carcinoma risk, risk and
prognosis of glioblastoma (reviewed in [8]), and finally
NHL and DLBCL in Non-Ashkenazi European Caucasians
(this study), were not associated with SNP309. This
together with the discrepancy between our findings and
that of Bond and colleagues on DLBCL [11], points to the
importance of other genetic modifiers in the p53 path-
way.
Since its first description 20 years ago, hundreds of studies
on the p53 gene SNP72 polymorphism and cancer suscep-
tibility have been completed. Positive correlations were
reported, for instance, for hepatocellular carcinoma [26],
non-polyposis hereditary colorectal cancer [27,28],
nasopharyngeal carcinoma [29], and melanoma [30].
Recent meta-analyses found positive correlations of the C/
C genotype with gastric cancer in Asians [31], esophageal
cancer [32], and overall cancer mortality [33]. By contrast,
other meta-analyses failed to find a correlation with lung
cancer [34] and breast cancer [20]. No correlation was
also found for acute myelogenous leukaemia [35] and for
multiple myeloma, except when studied in combination
with other polymorphisms [36]. Likewise, our study on
patients with NHL and DLBCL failed to establish a corre-
lation with SNP72 G/C. Neither MDM2 gene SNP309 T/G
nor p53 gene SNP72 G/C influences diffuse-large B-cell
lymphoma in central European Caucasians.
Conclusion
We found no evidence that MDM2 gene SNP309 or p53
gene SNP72 is associated with an increased risk for, or
accelerated formation of, diffuse-large B-cell lymphoma
in men or women of central European Caucasian ethnic-
ity. Furthermore, neither SNP309 nor SNP72 was corre-
lated with age of onset, diagnosis, or survival of patients.
These polymorphisms may thus act as genetic modifiers
in dependence of a population genetic background.
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Relative ratios of the SNP309 genotypes (A) and SNP72 gen- otypes (B) for the healthy controls, male NHL or DLBCL  patients, and female NHL or DLBCL patients diagnosed by  51 years of age or later Figure 3
Relative ratios of the SNP309 genotypes (A) and 
SNP72 genotypes (B) for the healthy controls, male 
NHL or DLBCL patients, and female NHL or DLBCL 
patients diagnosed by 51 years of age or later. P-values 
were determined with Fisher's exact test (within patient 
samples).
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Kaplan-Meier plots for EFS and OS for the MDM2-SNP309 genotypes (A) and the p53 SNP 72 genotypes (B) in all NHL- patients Figure 4
Kaplan-Meier plots for EFS and OS for the MDM2-SNP309 genotypes (A) and the p53 SNP 72 genotypes (B) in 
all NHL-patients.
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